In this study we combine analyses of wing morphology, echolocation calls, and temporal and spatial activity patterns to explore mechanisms of ecological partitioning among 4 syntopic Antillean mormoopids (Pteronotus macleayii, P. parnellii, P. quadridens, and Mormoops blainvillei). We captured bats with mist nets and harp traps, and monitored bat activity using automated Anabat systems for 31 nights at Sierra del Rosario Biosphere Reserve in Cuba. The wing morphologies (very low wing-loading and average-aspect ratio) and echolocation calls (broadband steep frequency-modulated calls at high frequencies) of all 4 species suggest that Cuban mormoopids are adapted to slow maneuverable flight, adequate for hunting insects by slow aerial hawking in background-cluttered habitat. However, our data show that each species has a combination of wing and echolocation call characters, presumably reflecting differences in their foraging behavior and microhabitat use. All 4 species were present at the 3 sampling sites and a majority showed similar activity rates at each site. Thus, we did not find strong evidence of spatial segregation during foraging. However, overall activity levels were higher in the primary forest when compared with 2 secondary-growth forests. Most pair-wise comparisons of temporal activity patterns between species were significant, suggesting high levels of temporal segregation. Our data suggest that wing morphology, echolocation call structure, and temporal activity patterns are morphological and behavioral factors that could facilitate resource partitioning among the Cuban mormoopid bats.
Tropical regions hold an elevated species richness of insectivorous bats (Kalko 1998; Sampaio et al. 2003; Simmons and Voss 1998) , and this diversity could be favored by efficient partitioning of environmental resources (Schoener 1974) . On the basis of ecomorphological, echolocation, and empirical data, many studies have explored niche differences that facilitate the coexistence of sympatric species of insectivorous bats. These studies have been related to differences associated with the type and size of the prey (Aguirre et al. 2002; Carter et al. 2004; Jacobs and Barclay 2009), habitat partitioning (Arlettaz 1999; Kalko 1995; Korine and Pinshow 2004) , and temporal partitioning (Adams and Thibault 2006; Jones and Rydell 1994) . Despite the high diversity of insectivorous bats present in the tropics, most of the studies on resource partitioning in this trophic group have been conducted in the temperate region. Studies on resource partitioning between Neotropical insectivorous bats, and particularly in Antillean bats, are highly underrepresented.
The family Mormoopidae comprises 2 genera (Mormoops and Pteronotus) and at least 8 extant species of Neotropical insectivorous bats ranging from southwestern Texas to southern Brazil (Simmons 2005) . Relative to the mainland, mormoopids in the West Indian islands show high diversification (8 known species, 3 of them extinct or extirpated Koopman 1989) , most likely due to their arrival to these islands early in their evolutionary history (Dávalos 2006) . Mormoopid bats were categorized by Norberg and Rayner (1987) as species that have relatively slow flight, with average agility but low maneuverability, and are thus well suited to hawking flying insects in relatively open spaces. Nevertheless, more recent data on wing morphology and echolocation broadband calls, including constant frequency calls with w w w . m a m m a l o g y . o r g 1308 Doppler-shift compensation (Macías et al. 2006; O'Farrell and Miller 1997; Schnitzler and Kalko 2001; Vaughan et al. 2004) , suggest that these bats could forage in cluttered spaces.
Cuba is inhabited by 4 mormoopid species, all of which are obligate cave-dwelling bats (García and Mancina 2011; Silva Taboada 1979) . These species are sympatric throughout the island, and are commonly captured together in forest patches (Mancina et al. 2007) or found in the same caves in huge multispecies colonies (Silva Taboada 1979) . Previous studies conducted in Sierra del Rosario Biosphere Reserve have documented 16 bat species (Mancina 2004; Mancina et al. 2007) , and the mormoopids represented the majority of captures at ground level and the highest levels of acoustic activity among insectivorous species. The 4 Cuban mormoopid species from smallest to largest are: Pteronotus quadridens (body mass ¼ 4.5 g), Pteronotus macleayii (5.5 g), Mormoops blainvillei (8.0 g), and Pteronotus parnellii (11.0 g). They appear to have similar ecological requirements, and available data indicate that they prey upon a broad diversity of insect orders (Silva Taboada 1979) .
In this study, we combined analyses of echolocation calls, wing morphology, and nocturnal activity data to explore mechanisms of ecological segregation among 4 syntopic Cuban mormoopid bats. We tested for interspecific differences in echolocation call structure and wing morphology. In insectivorous bats, echolocation call structure and wing morphology is a primary determinant of foraging strategy (Aldridge and Rautenbach 1987; Norberg and Rayner 1987) . Differences in echolocation call structure and wing morphology could reflect resource partitioning and differential use of habitat within forest with different degrees of spatial clutter (Aldridge and Rautenbach 1987; Kingston et al. 2000; Saunders and Barclay 1992) . Furthermore, the spatial and temporal partitioning among species with similar ecological requirements may promote coexistence (Adams and Thibault 2006; Arlettaz 1999; Jones and Rydell 1994) . We determined the temporal activity patterns of each species and assessed the degree of spatial segregation among them on the basis of records of echolocation signals of bats flying in 3 sites in the Sierra del Rosario Biosphere Reserve. Finally, we explored relationships between the degree of temporal and food niche overlap among the 4 species.
MATERIALS AND METHODS
Study area.-We selected 3 sites at the Sierra del Rosario Biosphere Reserve to capture bats and to do acoustic surveys. This protected area is located in the easternmost portion of Cordillera de Guaniguanico in western Cuba. The tropical evergreen forest is the native vegetation of the region (Herrera et al. 1988) ; however, only small pristine zones or slightly altered forests remain. Road openings, creation of terraces to prevent erosion, and selective logging have been the most significant habitat modifications to these forests. The climate is characterized by a wet season, from May to November, and a dry season, from December to April. The mean annual temperature is 24.48C and the mean annual rainfall is 201.4 cm.
We selected the sites on the basis of landscape characteristics and logistical constraints. Characteristics of the vegetation of these localities are described elsewhere (Mancina et al. 2007 ). All localities were separated by a minimum distance of 4 km. Roosts of mormoopid bats are known in the Reserve, but all monitoring sites were located at least 6 km from those roosts.
Capture methods and morphological measurements.-Bats were captured with mist nets set from the ground to a height of 2.5 m and with double-frame harp traps (Austbat Research Equipment, Lower Plenty, Victoria, Australia). All mist nets were opened before dusk and were checked every 30 min. Every bat captured was identified to species; sex and hour of capture were recorded. To collect fecal material, every bat captured was kept in a cloth bag for at least 1 hbefore being released. Only adults were included in the statistical analyses; these were judged by ossification of the epiphyseal plates of the long bones of the wings (Anthony 1988) .
Upon capture, before placement in the cloth bag, we measured each bat to quantify the variability in body mass, wingspan, wing area, wing loading, aspect ratio, and tip shape index. Body mass was measured using a Pesola spring balance (6 0.1 g; Pesola AG, Baar, Switzerland). We took photographs of the maximally extended right wing using a digital SLR camera (Nikon D100, Tokyo, Japan). The camera was positioned directly above the wing and parallel to the plane of the table on which the wing was extended. All photos were taken with a scale and a focal distance of 0.5 m. For each photograph, we used TpsDig 2.12 software (Rohlf 2008) to measure wingspan length, as well as areas and distances of different sections of the wing. We then computed 3 wing indices (wing loading, aspect ratio, and tip shape index) according to Norberg and Rayner (1987) . Guidelines of the American Society of Mammalogists for the care and use of mammals were followed (Sikes et al. 2011) ; this study was conducted under permit 9/200 from Ministerio de Ciencia, Tecnología y Medio Ambiente, Cuba.
Recording methods and activity survey.-Acoustic sampling was conducted between October 2006 and May 2010. The recordings were made on 2 consecutive nights during each visit to each site. Sampling was carried out on dark nights and nonrainy days. Recording was conducted using a remote monitoring station composed of one Anabat II detector and a zero crossing analysis interface module (ZCAIM) with an incorporated timer (Titley Electronics, Ballina, New South Wales, Australia). At each site, the station was placed inside the forest ,2 m from the edge of the habitat patch. The microphone was positioned at a height of 2 m facing upward at an angle of ca. 458 from horizontal and always pointed toward potential flight paths or gaps in the vegetation. The timer on the Anabat equipment was programmed to start recording 1 hbefore sunset and end 1 hafter sunrise.
To create a call reference library of known species, we recorded echolocation calls from mormoopid species captured in our study sites. We hand released each individual bat close to the point of capture after bat activity had declined or was absent. We recorded the calls with an Anabat II detector attached directly to a laptop computer (running Anabat 6 software) using the ZCAIM.
Using AnalookW version 4.9 (Titley Electronics, Ballina, New South Wales, Australia); 6 call variables that describe the shape and frequency of the individual search calls were extracted from each reference call (see Gannon et al. 2004; ). These variables were: duration in milliseconds, maximum frequency (Fmax), minimum frequency (Fmin), mean frequency (Fmean), characteristic frequency (Fc; all in kHz), and slope (octave/s). We defined a call as an individual vocal pulse and a call sequence or a pass as 3 or more consecutive individual pulses . Call sequences of the search phase were chosen to describe species calls. We analyzed a total of 918 call sequences.
Subsequently, we used filters to identify species in files recorded from free-ranging bats during our sample nights. We created a filter in Analook 6 for each mormoopid species, then ran these filters in AnalookW to select passes containing 3 or more calls with the specified characteristics. As an added precaution, we examined each file visually to verify the automated species identification. These data were then used to determine intra-and interspecific activity at the study sites. An index of relative activity was estimated, rather than abundance, because it is not possible to distinguish multiple passes of a single bat from single passes of many bats. Therefore, the index of activity was calculated on the basis of the presence/ absence of a species occurrence during 1-min time intervals (Miller 2001) . Due to interspecific differences in echolocation calls, this index also allowed us to compare species-specific levels of foraging activity at each site.
Data analysis.-To compare acoustic and morphometric measurements among species we used one-way analysis of variance (ANOVA) and post hoc Tukey comparisons. The relationships between body mass and wing variables were examined using reduced major axis regressions. We used this regression model because there is statistical variation and measurement error in both the dependent and independent variables (Norberg and Rayner 1987) . Before analysis, all measurements were logarithmically (base 10) transformed to improve the normality of the data and homogenize the variances. We used average values for each species, because preliminary analyses showed scarce sexual dimorphism in most species. We performed a principal component analysis (PCA) to examine the impact of acoustic and wing measurements to interspecific differences. The PCA was based on a correlation matrix of the variables studied; those highly correlated were excluded. All analyses were performed using the statistical software Statistica version 6 (StatSoft Inc, 2003) and significance was determined at a , 0.05.
Differences in the overall levels of activity (passes/min) among sampling sites, as well as intraspecific and interspecific variation within and among localities, were assessed using a Kruskal-Wallis test. The number of call passes recorded was pooled in 1-h intervals throughout the sampled nights, which resulted in activity patterns based on 12 1-h intervals. Kolmogorov-Smirnov 2-sample tests with Monte Carlo simulations, using StatXact (Cytel Software Corporation, 1999) , were used to test intraspecific variation in temporal activity among sampling sites and to evaluate interspecific differences in the activity patterns between each pair of species for each locality. Furthermore, using the Czekanowski index (Feinsinger et al. 1981) , we estimated the degree of temporal niche overlap for each pair-wise interspecific comparison. The amount of temporal overlap at the assemblage level (among the 4 species) for each site was evaluated as the average of all pairwise overlaps calculated with the Czekanowski index, using the Rosario randomization algorithm (Castro-Arellano et al. 2010) , designed for temporal data.
To explore the potential overlap in dietary selection among these species, we calculated food niche overlap for each pairwise interspecific comparison using the Czekanowski index, on the basis of the original data from Silva Taboada (1979) , which provides the orders of insects present in stomachs of these species in Cuba. The index was calculated using the program EcoSim version 7.0 (Gotelli and Entsminger 2001) .
RESULTS
Wing morphology and echolocation calls.-The 4 morphological measurements were significantly different among species (ANOVA, P , 0.0001; Table 1 ). However, the ranges of values of the wing indices overlapped among some species. Variation of wing loading was not significant among P. macleayii, P. quadridens, and M. blainvillei (4.9-5.4 N/m 2 ). P. macleayii and P. quadridens have the highest aspect ratio (7.5-7.8), and therefore narrower wings in comparison with the other 2 species (Table 1) . M. blainvillei and P. parnellii have similar values of aspect ratio (6.6À6.7), although the latter has a higher tip shape index (1.33), indicating more rounded wingtips. Among all species, wing loading scaled positively with body mass (r ¼ 0.67, P ¼ 0.32, n ¼ 4) and aspect ratio (r ¼ À0.90, P ¼ 0.09, n ¼ 4), whereas tip shape index (r ¼À0.13, P ¼ 0.86, n ¼ 4) scaled negatively with body mass. Aspect ratio showed the strongest association with body mass, although all correlation coefficients were nonsignificant.
Cuban mormoopid bats have distinct and readily recognizable call structure patterns while free-flying in foraging sites. P. macleayii and P. quadridens emitted calls of a short segment of constant frequency (CF) and a downward frequency-modulated (FM) sweep; M. blainvillei produced short and steep FM pulses with variation in its slope. P. parnellii produced distinctive pulses composed of an initial short FM upsweep followed by a long CF component at ca. 60 kHz and finished with a terminal long downward FM sweep. P. quadridens had higher frequency values (82 kHz) and M. blainvillei had the shorter call duration (2.1 ms). Although we found overlap in some variables, most of them were significantly different across species (Table 1) .
We did not find significant correlations between echolocation call and wing morphology measurements (all cases P . 0.1, N ¼ 4). The PCA based on wing and echolocation call measurements showed that the 4 species are separated (1 per quadrant) in multivariate space (Fig. 1) . More than 84% of the variance is explained by the first 2 principal components (PCs). PC1 was negatively associated with maximum frequency (correlation value ¼ À0.97) and aspect index (À0.94), and therefore positively associated with body mass. PC2 was positively associated with duration of call (0.93), tip shape index (0.79), and wing loading (0.78; see eigenvector scores in Table 1 ). These results show that each species has a combination of wing and call characters that could allow them to use different foraging strategies, reducing interspecific interactions in microhabitat use.
Activity rates across species and sites.-We recorded 5,985 Anabat sequence files of bats from October 2006 to May 2010. At least 94% of the recorded files could be identified as search calls of mormoopid species: P. macleayii comprised 38%, P. quadridens 31%, M. blainvillei 22%, and P. parnellii 3%. After correcting for the number of minutes recorded each night, the overall levels of activity (rate) of mormoopid bats differed among sites (Kruskal-Wallis, H 2 , 31 ¼ 18.9, P , 0.001). The highest bat activity rates of mormoopids were recorded in the preserved site, ''El Salón'' (median ¼ 1.06 passes/min, range ¼ 0.2 -2.25, n ¼ 10), and the lowest bat activity rates were recorded in the more disturbed sites, ''La Serafina'' (0.12, 0.03-0.65, 13) and ''El Taburete'' (0.03, 0.01-0.68, 8). We found significant differences in the interspecific activity rates at each of the sites (Fig. 2) . P. macleayii and P. quadridens had highest activity rates in El Salón; only the activity rates of M. blainvillei did not vary significantly among sites.
Temporal activity patterns.-The distribution of activity was significantly nonuniform throughout the night for P. quadridens (H 11,372 ¼ 105.8, P , 0.001), P. macleayii (H 11,360 ¼ 32.8, P , 0.001), and P. parnellii (H 11,300 ¼ 36.7, P , 0.001). Activity was uniform throughout the night in M. blainvillei (H 11,348 ¼ 14.2, P ¼ 0.22). Most pair-wise comparisons of activity patterns between species, regardless of site, on the basis of Kolmogorov-Smirnov 2-sample tests, were significant (P , 0.0001), suggesting high levels of temporal segregation among species. No differences were detected in El Taburete, and these involved P. parnellii, probably due to the small number of registered passes (only 8 passes) of this species. P. quadridens shows an initial period of high activity 4 h after sunset followed by a progressive decline in activity through the night, with a second and smaller peak just before sunrise. P. parnellii has a similar activity pattern to P. quadridens, without the second peak close to sunrise. P. macleayii exhibited a unimodal peak in activity from 0200 to 0400 h. M. blainvillei echolocation activity was more consistent throughout the night, although with a slight increase around sunrise (Fig. 3) .
Temporal and food niche overlap in Cuban mormoopid bats.-Among the mormoopid species the lowest pair-wise temporal overlap was between P. quadridens and P. macleayii (Table 2) , where both species displayed a contrast in temporal activity (Fig. 3) . The greatest overlap was between P. quadridens and P. parnellii, which displayed a similar activity pattern. Mormoopid species at the Sierra del Rosario Biosphere Reserve had an average temporal overlap, as regards different sites, that varied between 0.57 and 0.62. However, a high proportion of the simulations had values equal to or less than the empirical overlap values (P . 0.3), suggesting that the observed or empirical overlap did not differ more than expected by chance. In contrast with the temporal overlap observed between P. quadridens and P. macleayii, they display the greatest pair-wise food overlap ( Table 2 ). The orders Coleoptera and Diptera are the most important food sources for these species (Appendix I). These results suggest that temporal segregation in species with similar size, abundance, diet, and foraging behavior could be an important mechanism for ecological segregation.
DISCUSSION
Wing morphology and characteristics of the echolocation calls.-Compared with other insectivorous bats (BinindaEmonds and Russell 1994; Norberg and Rayner 1987) , Cuban mormoopids have a low body mass (range: 4.1-12.3 g), average aspect ratio (6.22-7.9), and very low wing loading (3.9-6.8 N/m 2 ). Although we found lower values of wing loading and tip shape index, and higher values of aspect index than those reported by Vaughan et al. (2004) , our data on wing morphology are consistent with those found by these authors for other Antillean mormoopid populations. The maximum speed of Cuban mormoopids is between 3.13 and 4.0 m/s (11.3 and 14.4 km/h) estimated by the equation given in Norberg and Rayner (1987) . These values are similar to those estimated in the field for 4 continental mormoopid species, which ranged from 11.3 to 19.1 km/h (Hopkins et al. 2003) .
We found that the design of the echolocation signal and the ranges of values for bats flying in background-cluttered space, described here on the basis of the Anabat system, are similar to those previously described for these mormoopid species (e.g., Macías et al. 2006; Schnitzler et al. 1991; Vaughan et al. 2004 ). These species emitted distinctive signals, and we found only a marginal overlap between P. macleayii and M. blainvillei; however, the design of echolocation calls emitted by these 2 species can be identified visually. Our results suggest, as in previous studies (Miller 2003; , that the Anabat system, or other echolocation recording systems, are suitable for the identification of mormoopid bats as well as for studies of habitat use and temporal activity of this group.
Wing morphology and echolocation calls, with components of broadband steep FM calls at high frequencies, suggest that Cuban mormoopids are adapted for slow maneuverable flight, adequate for hunting insects by slow aerial hawking in cluttered or background-cluttered habitat (e.g., terraces, gaps, or forest edges- Schnitzler et al. 2003) . However, our data show that each species has a combination of wing and echolocation call characters, which presumably are reflecting differences in foraging behavior. These differences could permit resource partitioning and the coexistence of most mormoopid species within the same forest patches.
The very low wing loading and high values of tip shape index (broad rounded wings) of mormoopid bats suggest that they can hover and catch insects by gleaning them from substrate (Norberg and Rayner 1987) . However, as was suggested by Vaughan et al. (2004) , the hovering ability of M. blainvillei may be limited by its lower tip shape index (pointed wings). Among Cuban mormoopid bats, at least in P. quadridens, evidence suggests hovering behavior. We have found remains of spiders and pollen grains in fecal samples of this species; pollen grains also have been reported in the stomachs of this species in Cuba (Silva Taboada 1979) and Puerto Rico (Rodríguez-Durán and Lewis 1987), suggesting that, although pollen could have been carried by the prey, the insects could have been captured on flowers. P. macleayii and P. quadridens show the greatest similarities in wing morphology among the Cuban mormoopids, therefore suggesting comparable flight performance and foraging behavior. The relatively high aspect index in both species may have low energetic costs during long commuting flights from caves to foraging areas (Norberg and Rayner 1987; Silva Taboada 1979) , which should be important in these highly gregarious species stratification, our mist-netting results suggest that among the insectivorous bats that inhabit Sierra del Rosario Biosphere Reserve, P. parnellii and P. quadridens, have a lower foraging height based on high rates of capture at ground level (,3.5 m). P. parnellii is often captured in nets set inside the forest with a high density of vegetation and is less commonly captured on terraces and forest edges. The hunting behavior of P. parnellii may have influenced the low detection of its echolocation calls and therefore the low activity rate recorded in all sites. In spite of their high activity levels in the sampling sites, P. macleayii was rarely captured at ground level, suggesting that this species could be foraging at greater heights than the other 2 Pteronotus species. In our netting survey, M. blainvillei was only captured along forested terraces. According to Goodwin (1970) , on Jamaica M. blainvillei forages at greater heights and faster speeds than Pteronotus species; on the basis of our findings, we suggest that the wing morphology of this species could constrain its maneuverability and exclude it from dense vegetation. Lancaster and Kalko (1996) indicated that M. blainvillei may forage close to the vegetation at forest edges and around tree crowns. We did not find strong evidence of spatial segregation during the foraging. The 4 species were present in all sampled sites, and the 3 most recorded species (P. macleayii, P. quadridens, and M. blainvillei) showed similar activity rates in each site. These data and the syntopy of the 4 Cuban mormoopid species throughout Cuba (C. A. Mancina, pers. obs.; Silva Taboada 1979) suggest that spatial segregation is not important in reducing potential competitive interactions among these species. The differentiation in echolocation calls and wing morphology found among mormoopid species suggests that the use of different microhabitats or vertical stratification could be an important way of resource partitioning, rather than geographic spatial segregation across sites at a broader scale of foraging areas.
Although all 4 species were present in all sampling sites, activity levels were substantially higher in the primary forest site than in the 2 secondary sites that were less structurally complex. Other studies have also found higher activity levels of insectivorous bats associated with sites with a higher tree density or intact woodlands compared with adjacent areas with a reduced vegetation cover (Fenton et al. 1998; Lumsden and Bennett 2005) . Variation in activity rates may suggest local changes in prey abundance and diversity among sites. Although we do not have evidence related to this in the Sierra del Rosario Biosphere Reserve, other studies have shown an increase in diversity of arthropods with increasing vegetation cover (Summerville et al. 2004; Watt et al. 1997) , providing different types of prey for different species of bats (Korine and Pinshow 2004) . Results from this study also support those obtained for phyllostomid bats in the Reserve (Mancina et al. 2007) , which recognized the core area and zones of high vegetative cover as high-priority areas for sustaining high bat species richness.
Call sequences with approach phases and buzzes detected in the 3 surveyed sites suggest that bats were not only using these habitats en route to foraging areas, but were actively foraging in these sites, despite their differing structural complexity. This demonstrates their capacity to persist in landscapes modified by man, as established by several authors (e.g., Estrada et al. 2004; Law et al. 1999) .
Temporal segregation.-Temporal segregation of nocturnal activity has been scarcely documented as a mechanism of resource partitioning in tropical insectivorous bats (Fenton and Thomas 1980; Meyer et al. 2004 ). We show strong temporal structure in nocturnal activity patterns among mormoopid bats. Activity patterns observed indicate interspecific differences in emergence time from the caves, which may be related to different foraging strategies and diet (Jones and Rydell 1994) . The highest levels of temporal segregation were between P. quadridens and P. macleayii, and these species also show the highest similarity in size and wing morphology. P. quadridens had highest activity during the first part of the night, supporting the known crepuscular emergence of this species (Silva Taboada 1979), whereas P. macleayii had its highest activity during the second half of the night. Although this species was categorized as crepuscular by Silva Taboada (1979), he observed individuals emerging from caves 3 to 5 h after sunset.
There is evidence that species exhibiting small differences in morphology can partition their resources (e.g., Saunders and Barclay 1992) . We suggest that the temporal partitioning observed between P. quadridens and P. macleayii allows these species to exploit different prey items, due to variation in insect prey abundance and taxonomic composition at different times of the night (Meyer et al. 2004 ) and through their differences in echolocation calls, which may affect their prey-detection ability. Silva Taboada (1979) showed that P. quadridens fed more heavily on coleopterans, whereas P. macleayii fed mainly on dipterans. However, a fine-grained study under syntopic conditions would be required to uncover prey partitioning between these species. On the other hand, small interspecific differences in frequency of echolocation calls could be responsible for differing prey selection (Jones 1997) . Morphologically competitive species should partition resources in some niche dimension (Fleming et al. 1972; Schoener 1974) . Temporal partitioning could represent an important mechanism of ecological segregation to explain the coexistence of these species in the same foraging habitats.
In spite of P. parnellii overlapping with P. quadridens in its highest activity time, its low abundance (inferred by its low acoustic activity in all sites) and unique foraging strategy could reduce competition with the other mormoopid species. P. parnellii is the least common species of the genus in Cuba (Silva Taboada 1979), and its long duration and constant frequency calls with Doppler-shifted compensation are well suited to locate and capture fluttering insects in highly cluttered environments (Schnitzler et al. 2003) . M. blainvillei did not have a defined activity peak; however, this species emerges later in the evening than the other study species (RodriguezDurán and Lewis 1987; Silva Taboada 1979). Both P. parnellii and M. blainvillei feed mainly on moths and could be less dependent on the dusk peak in flight activity of dipterans and other small insects (Jones and Rydell 1994) .
In conclusion, although all 4 species are well suited for foraging in cluttered environments, differences in their wing morphologies and echolocation calls suggest that these species should have different foraging strategies and use different microhabitat while occurring sympatrically. Additionally, the temporal axis of the niche could be an effective mechanism of resource partitioning among Cuban mormoopids, mainly between the very abundant and size-overlapping P. quadridens and P. macleayii. Resource partitioning may have influenced the high success of the mormoopid bats in Cuba and other Antillean islands.
RESUMEN
En el presente estudio combinamos el análisis de la morfología alar, las llamadas de ecolocalización y los patrones de actividad espacio-temporal para explorar mecanismos de partición ecológica entre 4 especies sintópicas de murciélagos mormópidos (Pteronotus macleayii, P. parnellii, P. quadridens and Mormoops blainvillei). Se realizaron capturas con redes de niebla y trampas arpas, y se monitoreó la actividad acústica mediante el sistema Anabat, durante 31 noches en la Reserva de la Biósfera Sierra del Rosario en Cuba. La morfología alar (muy baja carga alar y valores promedio delíndice de aspecto) y las llamadas de ecolocalización de banda ancha y frecuencia modulada a altas frecuencias, sugieren que los mormópidos están adaptados para un vuelo lento y maniobrable, adecuado para utilizar hábitats estructuralmente complejos. Sin embargo, cada especie muestra una combinación de características alares y de ecolocalización, la cual presumiblemente refleja diferencias en la conducta de forrajeo y el uso del microhábitat. Las 4 especies estuvieron presentes en los tres sitios muestreados y la mayoría mostraron similares tasas de actividad en cada sitio, por lo que no encontramos evidencia de segregación espacial durante el forrajeo. Sin embargo, los niveles de actividad total fueron notablemente mayores en un sitio conservado cuando este fue comparado con 2 sitios de vegetación secundaria. La mayoría de las comparaciones pareadas de los patrones de actividad nocturna fueron significativas, lo que indica altos niveles de segregación temporal entre las 4 especies. Nuestros datos sugieren que la morfología alar, la estructura de las llamadas de ecolocalización y los patrones de actividad nocturna, son factores morfológicos y conductuales que facilitan la partición de recursos entreéstas especies.
